The cardiovascular changes associated with extradural block were measured in two groups of patients who were also receiving light general anaesthesia. In the first group (five patients) 2% plain lignocaine 20 ml was used and decreases occurred in mean arterial pressure, cardiac output, stroke volume and peripheral resistance. In the second group (10 patients) 2% lignocaine 20 ml to which adrenaline 1 : 200 000 had been added was used. Decreases in arterial pressure and peripheral resistance occurred in all patients, but the responses of the cardiac output and heart rate were variable, decreasing in three patients and remaining stable or increasing in seven patients. A high segmental block was presumed to have occurred in those patients who developed bradycardia and a decreased cardiac output. The differences between these studies in anaesthetized patients and those previously reported in conscious volunteers are discussed.
The cardiovascular changes associated with extradural anaesthesia may vary, depending on such factors as the level of sympathetic blockade, the anaesthetic agent employed and the addition of adrenaline to the local anaesthetic solution. In particular, the use of adrenaline-containing local anaesthetic solutions appears to exert considerable influence on the cardiovascular response to extradural block (EDB) (Ward et al., 1965; Bonica et al., 1971) . Bonica, Berges and Morikawa (1970) reported that administration to the extradural space of plain solutions of 2% lignocaine, resulting in a sensory block which extended to the fifth thoracic dermatome, produced less than a 10% increase in cardiac output (CO) and heart rate (HR) and a decrease in mean arterial pressure (MAP) of less than 5%. The addition of adrenaline 1 :200 000 to the local anaesthetic solution was associated with an increase in CO of approximately 30-50%, an increase in HR of 15% and a decrease in MAP of 10-20% (Ward et al., 1965; Bonica et al., 1971) . The plain solution of lignocaine caused also an increase in leg blood flow and a decrease in arm blood flow, whereas the adrenalinecontaining solution increased blood flow considerably in both arms and legs. These differences between plain and adrenaline-containing solutions were attributed to the p x -and P 2 -adrenergic-receptorstimulating effect of adrenaline. However, the duration of the adrenaline effect was unusually prolonged in these studies. For example, a significant increase in CO above the control value remained 240 min after the administration of the local anaesthetic solution which contained 100 ^g of adrenaline. Since adrenaline is inactivated rapidly, it would seem unlikely that the changes observed were the result of the pharmacological action of adrenaline itself. All the subjects involved in these studies were young, unpremedicated, conscious volunteers. Thus, release of endogenous catecholamines as a result of apprehension or other stress factors might have modified the effects of the injected adrenaline. Therefore, the present study was instituted in which unconscious, anaesthetized patients were evaluated before surgery, when endogenous sympathetic activity resulting from stress should be minimal and would resemble the clinical situation more closely when EDB is used in combination with light general anaesthesia.
PATIENTS AND METHODS
Fifteen fit adult patients were undergoing gynaecological operations for which an EDB was an appropriate anaesthetic technique. The patients were in two groups: group A (five patients) received plain lignocaine 20 ml and group B (10 patients) received the same volume of 2% lignocaine with adrenaline 1 : 200 000. The mean age, weight and height of the patients in the two groups were comparable (table I) .
At the visit before operation informed consent for the procedure was obtained and the adequacy of the ulnar artery circulation in the hand was ascertained using Allen's test. All patients were premedicated with diamorphine 5 mg and atropine 0.6 mg 60 min before anaesthesia. Extradural puncture was performed using a saline-filled syringe and a 16-gauge Tuohy needle through which an extradural catheter (Portex) was introduced. The extradural catheter was strapped in place and the patient was placed supine. Anaesthesia was induced with thiopentone 350 mg and maintained with nitrous oxide in oxygen (6 litre. min" 1 and 4 litre. min" 1 ) with 1 % halothane, using a Magill circuit. A percutaneous radial artery cannulation was performed using a parallel-walled Teflon cannula (Venflon i.d. 0.8 nun, o.d. 1.2 mm). In the same arm a central venous catheter (EZ 16-gauge) was introduced via an antecubital vein, and in the opposite arm a peripheral venous infusion was established.
The arterial pressure wave and the mean arterial pressure were amplified and displayed, using a Simonsen and Weel transducer (AE840) and amplifier (BAP 001, Display ADAP006). Phasic and mean central venous pressure (CVP) were recorded using a similar transducer and amplifier and displayed on similar apparatus (Simonsen and Weel Display VDAP 007). The precordial e.c.g. was displayed continuously on a Telequipment D51 oscilloscope and, from the same signal, heart rate was calculated and displayed. Cardiac output was estimated by dye dilution using indocyanine green and a Waters Cuvette (DCV 303) densitometer and cardiac output computer (DCR 700). All the signals were recorded simultaneously on a Bell and Howell 12-channel ultraviolet recorder (B-H 5-137) . Stroke volume (SV) and peripheral resistance (PR) were calculated from the recorded data.
The plan of the investigation is shown in figure 1 . Once the appropriate catheters were in place CO determinations were performed at 8, 6, 4 and 2 min before the extradural injection of the drug being investigated. After the injection, CO determinations were repeated at 1, 3, 5, 10, 15, 20, 25 Arterial blood samples were drawn 2 min before the extradural injection and at 5 and 20 min after injection. These samples were stored in glass syringes in iced water. The samples were analysed, using direct reading electrodes, within 30 min of withdrawal. Arterial blood was sampled for the estimation of plasma lignocaine concentration 2 min before injection and at 5, 10, 15, 20 and 30 min after injection. Lignocaine estimations were performed by using gas-liquid chromatography (Tucker, 1970) .
Upon completion of the investigation all the catheters, with the exception of the peripheral venous infusion, were removed and the patient was prepared for surgery.
Statistical analysis of the data was performed using Student's t test, paired and unpaired as appropriate.
RESULTS
Group A. The cardiovascular responses to the extradural administration of plain lignocaine were consistent (figs 2\, B; table II). All patients showed a small decrease in CO, the mean change being statistically significant 20-30 min after injection. A significant decrease in CVP and MAP were seen between 1 and 3 min after injection and persisted for most of the 30-min period of observation. Small but significant decreases in SV occurred also 10-30 min after injection. No significant differences in HR and PR were observed between the control values and any of the subsequent values. Group B. The cardiovascular responses to the extradural administration of 2% lignocaine with adrenaline 1: 200 000 varied considerably between different patients (figs 3A, B; table II) and for this reason the number in this group was increased to 10. A statistically significant and consistent decrease in CVPj PR and MAP occurred within 5 min of injection and remained less than the control value for the entire period of the investigation. On the other hand, the changes in HR, CO and SV were inconsistent and two distinct patterns of change became apparent in that three patients had decreases in HR, CO and SV (patients 4, 6 and 9) (table II, fig. 4 ), while in seven patients these indices either remained stable or increased markedly (patients 1, 2, 3, 5, 7, 8 and 10) (table II, fig. 4 ). Because of these variations in response, the mean values after injection were not statistically different from the control values when the group was considered as a whole.
A comparison of the mean cardiovascular changes in group A and group B are shown in figure 5. Since no statistical difference in control values existed between the two groups, it is believed that the patients were comparable. While CO tended to increase in group B and decrease in group A, there were no statistically significant differences between the two groups throughout the period of observation. In general, the decreases in MAP and CVP were of greater magnitude in group B than in group A, although no statistically significant differences were found. A significantly greater reduction in PR which persisted for the entire observation period was observed in the group B patients. Because changes in HR were minimal in both groups, group A tended to show a small decrease and group B a small increase in SV similar to the changes observed in CO. However, there was no significant differences in SV between the two groups at any time.
The arterial plasma concentration of lignocaine was significantly less in group B than in group A at comparable times ( fig. 6) . The results of blood-gas analysis are shown in figure 7. There were differences between the two groups, but only in the case of pH was this statistically significant. The extradural injection and the subsequent development of arterial hypotension did not cause any significant change in bloodgases in either group.
DISCUSSION
The extradural injection of plain solutions of local anaesthetic agents in conscious patients is associated with minimal haemodynamic changes, provided the segmental level of block does not extend above the level T4 (Bonica, Berges and Morikawa, 1970; Bonica et al., 1971) . The vasodilatation in the blocked area is apparently compensated by vasoconstriction in the unblocked area, as shown by increases in leg blood flow and decreases in arm blood flow. The effect of extending the block to involve the upper thoracic segments, thus causing a sympathetic block of the heart and upper limbs, is a subject of some controversy. The use of small quantities of drug to produce a discrete block of the upper thoracic region has been found to produce bradycardia and a decrease in the contractile response to cardiac filling (Otton and Wilson, 1966; MacLean et al., 1967) . On the other hand, Bonica and co-workers blocked the upper thoracic dermatomes by the lumbar extradural injection of large volumes of lignocaine in order to produce total sympathetic block. In these studies, the only significant cardiovascular alteration was a decrease in total peripheral resistance because of vasodilatation in both arm and leg (Bonica, Berges and Morikawa, 1970) . This failure to find a significant cardiac depressant effect was ascribed to the myocardial stimulating action of lignocaine which reached a maximum blood concentration of 4-7 (j.g. ml"
1 .
In the present study in which EDB was performed in lightly anaesthetized patients, the only significant cardiovascular change observed with plain lignocaine was a decrease in MAP similar in magnitude to that reported by Bonica, Berges and Morikawa (1970) . While this may indicate that the level of block in our subjects extended above the level T4, it is equally possible that the block may not have extended to the upper thoracic dermatomes, general anaesthesia reducing the degree of compensatory arm vasoconstriction such that a decrease in MAP occurred even without total sympathetic blockade.
The addition of a vasoconstrictor agent to the local anaesthetic solution has been shown to alter markedly the circulatory response to EDB in conscious subjects, depending on the specific vasoconstrictor drug, and the dose used (Kennedy et al., 1966; Stanton-Hicks, Berges and Bonica, 1973) . Bonica and colleagues (1971) reported that the use of adrenalinecontaining anaesthetic solutions for EDB in conscious volunteers produced significantly greater decreases in PR and MAP and a marked increase in CO and HR as compared with plain solutions. The results obtained in the present study with lightly anaesthetized patients show a different pattern of response in that all patients treated with adrenaline-containing lignocaine solutions showed a decrease in MAP and PR. However, the changes in HR and CO were variable, both indices increasing in some patients and decreasing in others. The decrease in heart rate and CO in three patients in group B (table II, Nos 4, 6 and 9) may have been a result of a high block involving the cardiac sympathetic outflow T1-T4. Similar decreases in HR and CO were reported by investigators who used discrete blocks of this region (Otton and Wilson, 1966; MacLean et al., 1967) . Since our patients were adult females, as compared with the male volunteers employed by Bonica and colleagues, and since the volume of anaesthetic solution (20 ml) was the same in both studies, a higher level of EDB in our study is not unexpected. The remaining seven patients (table II, Nos 1,2,3, 5, 7, 8 and 10) showed changes similar to those reported by Bonica and colleagues (1971) , except that there was a more marked tendency to hypotension. The increase in HR and CO in these patients was not as great as that observed in the conscious volunteers. Thus, the more marked decrease in PR was not sufficiently compensated by an increase in HR and CO, resulting in a greater degree of hypotension. These differences may have been a result of the negative inotropic and vasodilator effects of general anaesthesia. In addition, the integrity of circulatory reflexes may be impaired by a central action of general anaesthetic agents.
The more marked decrease in PR and the increased HR and CO occurring after the injection of lignocaine and adrenaline, in some patients, are consistent with a (3-adrenergic receptor stimulation by adrenaline. However, it is surprising that such a small dose of adrenaline (100 (xg) should have such a prolonged effect, persisting for the 30-min duration of the investigation. One possibility is that adrenaline altered the balance of the autonomic nervous system shortly after injection and this did not return to its previous level after the drug ceased to have pharmacological activity. Increases in HR and MAP are seen frequently in anaesthetized patients if painful stimuli are applied, and such increases often persist when the stimulus is discontinued. The possible myocardial stimulating effects of systemically absorbed lignocaine cannot be ignored. Although adrenaline caused a decrease in the plasma concentration of lignocaine, it is now believed that lignocaine in the concentrations found in our patients (2-4 (j.g. ml" 1 ) will exert a positive inotropic and possible chronotropic effect (Blair, 1975) .
Of some practical importance is the clinical assessment of patients receiving the combination of general anaesthesia and EDB. Hypotension is to be expected in almost all patients, but measurement of the arterial pressure alone is of little value in assessing the state of the circulation with regard to other variables. Hypotension associated with a stable or increased CO is likely to be safer than in circumstances where CO is decreased. Interestingly, hypotension in this study was not associated with a decrease in arterial oxygen tension, which has been described with hypotension produced by both sodium nitroprusside and trimetaphan (Theye and Tuohy, 1965; Wildsmith, Drummond and Macrae, 1975) , nor was arterial oxygen tension affected seriously in those patients who had a decrease in CO. In the present study the patients who had a marked decrease in CO had also a decrease in HR, and therefore greater care may be necessary if bradycardia occurs. Bradycardia in conscious patients heralds a vaso-vagal attack associated with an acute decrease in arterial pressure. In such circumstances the administration of atropine or a vasopressor, or both, will usually abort such an attack. In unconscious patients dramatic vagal overactivity is not seen and it is not our practice to correct a bradycardia unless the general condition of the patient gives cause for concern.
It could be inferred from the studies of Bonica and his co-workers (1972) that adrenaline-containing solutions were mandatory in patients suffering from acute blood loss, in that a large proportion of the volunteers who suffered blood loss before EDB, and who received plain lignocaine solution, suffered cardiovascular collapse requiring the administration of a vasopressor. Those receiving adrenalinecontaining solutions under similar conditions did not suffer such collapse. Study of the individual records of those volunteers who collapsed indicates cardiovascular changes consistent with a vaso-vagal attack, particularly marked bradycardia preceding acute hypotension. That adrenaline could prevent such an attack is not surprising. Under clinical circumstances, however, we believe that EDB should not be used in hypovolaemic patients. In those in whom operative blood loss is expected, acute vaso-vagal attacks would not occur if general anaesthesia were being given also. Therefore we do not consider that plain solutions are contraindicated in such circumstances. 
MODIFICATION DES EFFETS CIRCULATOIRES

SUMARIO
Los cambios cardiovasculares asociados con el bloqueo extradural se midieron en dos grupos de pacientes, quienes tambi6n estaban recibiendo una ligera anestecia general. En el primer grupo (cinco pacientes), se empleo un 2% de lignocaina 20 ml y se produjeron disminuciones en la presion arterial media, capacidad cardiaca, volumen de sangre por latido y resistencia periferica. En el segundo grupo (10 pacientes), un 2% de lignocaina 20 ml, al cual se habia agregado 1 : 200 000 de adrenalina, fu£ empleado. En todos los pacientes se produjo una disminucion en la presi6n arterial y resistencia periferica, pero las reacciones de la capacidad cardiaca y marcha del corazon resultaron variables, disminuyendo en tres pacientes y permaneciendo estables o aumentando en siete pacientes. Se presume que ocurrio un alto bloqueo segmental en aquellos pacientes que sufrieron bradicardia y una capacidad cardiaca reducida. Las diferencias entre estos estudios en pacientes anesteciados y los dados a conocer anteriormente respecto a voluntarios concientes son discutidos.
